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(54) ACTIVE TERMINAL RESISTANCE VALUE CALIBRATING CIRCUIT, 
MEMORY CHIP AND ACTIVE TERMINAL RESISTANCE CALIBRATING 

METHOD 

(57)AbstraGt: 

PROBLEM TO BE SOLVED: To provide a 
calibrating metliod that can calibrate a 
terminal resistance value insensibly to a 
process, voltage or temperature change. 
SOLUTION: The calibrating method has a 
step (a) of calibrating the resistance 
value of a first variable resistance to the 
resistance value of an external resistance 
and calibrating the resistance value of a 
second variable resistance to the 
resistance value of the first variable resistance, and a step (b) of 
calibrating the resistance value of an active terminal resistance to the 
resistance value of the external resistance. The step (a) has a step of 
calibrating the resistance value of the first variable resistance to the 
resistance value of the external resistance in response to a first control 
code and calibrating the resistance value of the second variable 
resistance to the resistance value of the first variable resistance in 
response to a second control code. The first control code is generated 
according to the compared result of the resistance values of the first 
variable resistance and external resistance, and the second control code 
is generated according to the compared result of the resistance values 
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of the first variable resistance and second variable resistance. The step 
(a) has a step wherein the resistance value of the first variable 
resistance and the resistance value of the second variable resistance 
increase/decrease at the same time. 



CLAIMS 



[Claim(s)] 

[Claim 1] The resistance calibration approach of the active terminator 
characterized by having the phase which proofreads the resistance of 
the 2nd variable resistance to the resistance of said 1st variable 
resistance, and the phase which proofreads the resistance of the (b) 
aforementioned active terminator to the resistance of said external 
resistance in the approach of proofreading the resistance of an active 
terminator while proofreading the resistance of the (a) 1st variable 
resistance to the resistance of external resistance. 
[Claim 2] The aforementioned (a) phase is the resistance calibration 
approach of the active terminator according to claim 1 characterized by 
including the phase which answers the 2nd control code and proofreads 
the resistance of said 2nd variable resistance to the resistance of said 
1st variable resistance while answering the 1st control code and 
proofreading the resistance of said 1st variable resistance to the 
resistance of said external resistance. 

[Claim 3] The resistance calibration approach of the active terminator 
according to claim 2 characterized by having the phase of generating 
said 1st control code according to the comparison result of the 
resistance of said 1st variable resistance, and the resistance of said 
external resistance, and generating said 2nd control code according to 
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the comparison result of the resistance of said 1st variable resistance, 
and the resistance of said 2nd variable resistance. 

[Claim 4] The aforementioned (a) phase is the resistance calibration 
approach of the active terminator according to claim 1 characterized by 
including the phase which the resistance of said 1st variable resistance 
and the resistance of said 2nd resistance fluctuate simultaneously. 
[Claim 5] The phase which compares the electrical potential difference 
and reference voltage of the pad to which external resistance is 
connected in the approach of proofreading the resistance of an active 
terminator, and outputs the 1st comparison signal corresponding to the 
comparison result. The phase which proofreads the resistance of the 1st 
variable resistance to the resistance of said external resistance until it 
answers said 1st comparison signal and the electrical potential 
difference of said pad becomes the same as that of said reference 
voltage, The phase which compares the electrical potential difference of 
said pad with the electrical potential difference of the 2nd variable 
resistance, and outputs the 2nd comparison signal corresponding to the 
comparison result, The resistance calibration approach of the active 
terminator characterized by having the phase which answers said 2nd 
comparison signal and proofreads the resistance of the 2nd variable 
resistance to the resistance of said external resistance, and the phase 
which proofreads the resistance of said active terminator to said 1st 
variable-resistance value and/or the resistance of said 2nd variable 
resistance. 

[Claim 6] The electrical potential difference of said pad is the resistance 

calibration approach of the active terminator according to claim 5 
characterized by being generated according to the current which passes 
said 1st variable resistance. 

[Claim 7] The electrical potential difference of the 2nd variable 
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resistance is the resistance calibration approacli of tine active terminator 
according to claim 5 characterized by being generated according to the 
current which flows to the same dummy variable resistance as said 1st 
variable resistance. 

[Claim 8] The resistance calibration approach of the active terminator 
according to claim 5 characterized by the resistance of said 1st variable 
resistance and the resistance of said 2nd resistance fluctuating 
simultaneously. 

[Claim 9] In the calibration circuit which proofreads the resistance of an 
active terminator to the resistance of external resistance The 1st control 
circuit which outputs the 1st control code which controls the resistance 
of the 1st variable resistance which compares the electrical potential 
difference and reference voltage of the 1st node to which external 
resistance is connected, and supplies a current to said 1st node, The 
electrical potential difference of the 2nd node to which the 2nd variable 
resistance is connected is compared with the electrical potential 
difference of said 1st node. It has the 2nd control circuit which outputs 
the 2nd control code which controls the resistance of the same dummy 
variable resistance as said 1st variable resistance which supplies a 
current to said 2nd node. While the resistance of said 1st variable 
resistance and the resistance of said dummy variable resistance answer 
said 1st control code and are proofread by the resistance of said 
external resistance The resistance of said 2nd variable resistance 
answers said 2nd control code, and is proofread by the resistance of 
said external resistance. The resistance of said active terminator is the 
resistance calibration circuit of the active terminator characterized by 
answering said 1st control code and/or said 2nd control code, and being 
proofread by the resistance of said external resistance. 
[Claim 10] The resistance of said 1st variable resistance and the 
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resistance of said 2nd variable resistance are tlie resistance calibration 
circuit of tfie active terminator according to claim 9 characterized by 

fluctuating simultaneously. 

[Claim 11] It is the resistance calibration circuit of the active terminator 
according to claim 9 characterized by producing the electrical potential 
difference of said 1st node according to the current which flows to said 
1st variable resistance, and producing the electrical potential difference 
of said 2nd node according to the current which flows to said dummy 
variable resistance. 

[Claim 12] In the calibration circuit which proofreads the resistance of an 
active terminator to the resistance of external resistance The 1st 
control-code generating circuit which compares with the electrical 
potential difference and reference voltage of said 1st node the 1st node 
to which said external resistance and 1st variable resistance are 
connected, and outputs the 1st control code corresponding to the 
comparison result. The 2nd node to which the dummy variable 
resistance and the 2nd variable resistance which have the same 
resistance as the resistance of said 1st variable resistance are 
connected, It has the 2nd control-code generating circuit which 
compares the electrical potential difference of said 1st node with the 
electrical potential difference of said 2nd node, and outputs the 2nd 
control code corresponding to the comparison result. While the 
resistance of said 1st variable resistance and the resistance of said 
dummy variable resistance answer said 1st control code and are 
proofread by the resistance of said external resistance The resistance of 
said 2nd variable resistance answers said 2nd control code, and is 
proofread by the resistance of said external resistance. The resistance 
of said active terminator is the resistance calibration circuit of the active 
terminator characterized by answering said 1st control code and/or said 
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2nd control code, and being proofread by the resistance of said external 
resistance. 

[Claim 13] Tlie resistance of said 1st variable resistance and the 
resistance of said 2nd variable resistance are the resistance calibration 
circuit of the active terminator according to claim 12 characterized by 
fluctuating simultaneously. 

[Claim 14] It is the resistance calibration circuit of the active terminator 
according to claim 12 characterized by producing the electrical potential 
difference of said 1st node according to the current which flows to said 
1st variable resistance, and producing the electrical potential difference 
of said 2nd node according to the current which flows to said dummy 
variable resistance. 

[Claim 15] The calibration circuit which outputs the 1st control code and 
the 2nd control code in a memory apparatus, The shift block which 
outputs the control code for answering a selection signal, said 1st 
control code and said 2nd control code, and controlling the resistance of 
an active terminator, Said control code is answered and it has the 
variable-resistance section which proofreads the resistance of said 
active terminator in agreement with the resistance of the external 
resistance connected to said calibration circuit. Said calibration circuit 
The 1st node to which said external resistance and 1st variable 
resistance are connected, and the 1st control-code generating circuit 
which compares the electrical potential difference and reference voltage 
of said 1st node, and outputs said 1st control code corresponding to the 
comparison result. The 2nd node to which the dummy variable 
resistance and the 2nd variable resistance which have the same 
resistance as the resistance of said 1st variable resistance are 
connected. It has the 2nd control-code generating circuit which 
compares the electrical potential difference of said 1st node, and the 
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electrical potential difference of said 2nd node, and outputs said 2nd 
control code corresponding to the comparison result. It is the memory 
apparatus characterized by for the resistance of said 2nd variable 
resistance answering said 2nd control code while the resistance of said 
1st variable resistance and the resistance of said dummy variable 
resistance answer said 1st control code and being proofread by the 
resistance of said external resistance, and being proofread by the 
resistance of said external resistance. 

[Claim 16] The resistance of said 1st variable resistance and the 
resistance of said 2nd variable resistance are a memory apparatus 
according to claim 15 characterized by fluctuating simultaneously. 
[Claim 17] It is the memory apparatus according to claim 15 
characterized by producing the electrical potential difference of said 1st 
node according to the current which flows to said 1st variable resistance, 
and producing the electrical potential difference of said 2nd node 
according to the current which flows to said dummy variable resistance. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the termination of a bus 
and relates to the memory apparatus which equips a detail with the 
calibration circuit which can proofread the resistance of active 
termination regardless of change of a process, an electrical potential 
difference, or temperature, its approach, and said calibration circuit 
more. 
[0002] 

[Description of the Prior Art] Generally, SSTL (stub busTerminated logic) 
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and active termination (active termination) are used by tlie memory 
system for the termination of a bus. Active termination is also called 
termination (on-cliip termination) on chip, and performs termination of a 
bus using the active terminator inside a chip (the following, "terminator"). 
Active termination has good signal transfer characteristics, and its data 
rate is higher than SSTL. 

[0003] It is the key point of active termination how the resistance (the 
following, "terminator value") of a terminator can be proofread to the 
resistance of the request to accuracy. Although the analog-control 
electrical potential difference was used as a control signal for 
conventionally proofreading a terminator value, since an analog-control 
electrical potential difference is sensitive to a noise, it has the trouble 
which cannot proofread a terminator value to accuracy. Moreover, since 
control voltage was sensitive to the noise, there was a trouble that the 
signal transfer characteristics of a bus fell. 

[0004] When sharing two chips and carrying out active termination (the 
following, "x2"), or to share four chips and carry out active termination 
(the following, "x4"), other calibration circuits for proofreading a 
terminator value compared with the case (the following, "x1") where 
active termination is carried out, with one chip are required for an 
addition target. Therefore, the overhead of the increase of the power 
consumption for active termination and layout area is quite large 
conventionally. 
[0005] 

[Problem(s) to be Solved by the Invention] Therefore, the technical 
technical problem which this invention tends to solve is offering the 
memory apparatus which equips change of a process, an electrical 
potential difference, or temperature with the calibration circuit which can 
proofread a terminator value insensibly, its approach, and said 
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calibration circuit. 

[0006] Moreover, other teclinical teclinical problems which this invention 
tends to solve are offering the memory apparatus for embodying an 
approach being able to carry out overhead reduction of power 
consumption and the layout area, and this. 
[0007] 

[Means for Solving the Problem] The approach of proofreading the 
resistance of the active terminator for attaining said technical technical 
problem is characterized by having the phase which proofreads the 
resistance of the 2nd variable resistance to the resistance of said 1st 
variable resistance while proofreading the resistance of the (a) 1st 
variable resistance to the resistance of external resistance, and the 
phase which proofreads the resistance of the (b) aforementioned active 
terminator to the resistance of said external resistance. 
[0008] For example,, the aforementioned (a) phase includes the phase 
which answers the 2nd control code and proofreads the resistance of 
said 2nd variable resistance to the resistance of said 1st variable 
resistance while it answers the 1st control code and proofreads the 
resistance of said 1st variable resistance to the resistance of said 
external resistance. 

[0009] For example, it is ** which produces said 1st control code 
according to the comparison result of the resistance of said 1st variable 
resistance, and the resistance of said external resistance, and produces 
said 2nd control code according to the comparison result of the 
resistance of said 1st variable resistance, and the resistance of said 2nd 
variable resistance. 

[0010] For example, the aforementioned (a) phase includes the phase 
which the resistance of said 1st variable resistance and the resistance of 
said 2nd resistance fluctuate simultaneously. 
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[0011] The approach of proofreading the resistance of other active 
terminators for attaining said technical technical problem The phase 
which compares the electrical potential difference and reference voltage 
of the pad to which external resistance is connected, and outputs the 1st 
comparison signal corresponding to the comparison result, The phase 
which proofreads the resistance of the 1st variable resistance to the 
resistance of said external resistance until it answers said 1st 
comparison signal and the electrical potential difference of said pad 
becomes the same as that of said reference voltage, The phase which 
compares the electrical potential difference of said pad with the 
electrical potential difference of the 2nd variable resistance, and outputs 
the 2nd comparison signal corresponding to the comparison result. It is 
characterized by having the phase which answers said 2nd comparison 
signal and proofreads the resistance of the 2nd variable resistance to 
the resistance of said external resistance, and the phase which 
proofreads the resistance of said active terminator to said 1st 
variable-resistance value and/or the resistance of said 2nd variable 
resistance. 

[0012] For example, the electrical potential difference of said pad is 
produced according to the current which passes said 1st variable 
resistance. 

[0013] For example, the electrical potential difference of said 2nd 
variable resistance is produced according to the current which flows to 
the same dummy variable resistance as said 1st variable resistance. 
[0014] For example, the resistance of said 1st variable resistance and 
the resistance of said 2nd resistance are fluctuated simultaneously. 
[0015] For example, the calibration circuit which proofreads the 
resistance of the active terminator for attaining said technical technical 
problem to the resistance of external resistance The 1st control circuit 
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which outputs the 1st control code which controls the resistance of the 
1st variable resistance which compares the electrical potential 
difference and reference voltage of the 1st node to which external 
resistance is connected, and supplies a current to said 1st node, It has 
the 2nd control circuit which outputs the 2nd control code which controls 
the resistance of the same dummy variable resistance as said 1st 
variable resistance which compares with the electrical potential 
difference of said 1st node the electrical potential difference of the 2nd 
node to which the 2nd variable resistance is connected, and supplies a 
current to said 2nd node. While the resistance of said 1st variable 
resistance and the resistance of said dummy variable resistance answer 
said 1st control code and are proofread by the resistance of said 
external resistance It is characterized by the resistance of said 2nd 
variable resistance answering said 2nd control code, and being 
proofread by the resistance of said external resistance, and for the 
resistance of said active terminator answering said 1st control code 
and/or said 2nd control code, and being proofread by the resistance of 
said external resistance. 

[0016] For example, the resistance of said 1st variable resistance and 
the resistance of said 2nd variable resistance are fluctuated 
simultaneously. 

[0017] For example, it is characterized by producing the electrical 
potential difference of said 1st node according to the current which flows 
to said 1st variable resistance, and producing the electrical potential 
difference of said 2nd node according to the current which flows to said 

dummy variable resistance. 

[0018] The calibration circuit which proofreads the resistance of other 
active terminators for attaining said technical technical problem to the 
resistance of external resistance The 1st control-code generating circuit 



12 



which compares with the electrical potential difference and reference 
voltage of said 1st node the 1st node to which said external resistance 
and 1st variable resistance are connected, and outputs the 1st control 
code corresponding to the comparison result, The 2nd node to which the 
dummy variable resistance and the 2nd variable resistance which have 
the same resistance as the resistance of said 1st variable resistance are 
connected. It has the 2nd control-code generating circuit which 
compares the electrical potential difference of said 1st node with the 
electrical potential difference of said 2nd node, and outputs the 2nd 
control code corresponding to the comparison result. While the 
resistance of said 1st variable resistance and the resistance of said 
dummy variable resistance answer said 1st control code and are 
proofread by the resistance of said external resistance It is 
characterized by the resistance of said 2nd variable resistance 
answering said 2nd control code, and being proofread by the resistance 
of said external resistance, and for the resistance of said active 
terminator answering said 1st control code and/or said 2nd control code, 
and being proofread by the resistance of said external resistance. 
[0019] For example, the resistance of said 1st variable resistance and 
the resistance of said 2nd variable resistance are fluctuated 
simultaneously. 

[0020] For example, the electrical potential difference of said 1st node is 
produced according to the current which flows to said 1st variable 
resistance, and the electrical potential difference of said 2nd node is 
produced according to the current which flows to said dummy variable 

resistance. 

[0021] The memory apparatus for attaining said technical technical 
problem MARUCHIPUREKKUSHINGU [ answer the calibration circuit 
which outputs the 1st control code and the 2nd control code, and a 
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selection signal, and / said 1st control code and said 2nd control code ] 
The shift block which outputs the control code for controlling the 
resistance of an active terminator, Said control code is answered and it 
has the variable-resistance section which proofreads the resistance of 
said active terminator in agreement with the resistance of the external 
resistance connected to said calibration circuit. Said calibration circuit 
The 1st node to which said external resistance and 1st variable 
resistance are connected, and the 1st control-code generating circuit 
which compares the electrical potential difference and reference voltage 
of said 1st node, and outputs said 1st control code corresponding to the 
comparison result. The 2nd node to which the dummy variable 
resistance and the 2nd variable resistance which have the same 
resistance as the resistance of said 1st variable resistance are 
connected. It has the 2nd control-code generating circuit which outputs 
said 2nd control code which compares the electrical potential difference 
of said 1st node, and the electrical potential difference of said 2nd node, 
and ****s in the comparison result. While the resistance of said 1st 
variable resistance and the resistance of said dummy variable 
resistance answer said 1st control code and being proofread by the 
resistance of said external resistance, it is characterized by for the 
resistance of said 2nd variable resistance answering said 2nd control 
code, and being proofread by the resistance of said external resistance. 
[0022] For example, the resistance of said 1st variable resistance and 
the resistance of said 2nd variable resistance are fluctuated 
simultaneously. 

[0023] For example, the electrical potential difference of said 1st node is 
produced according to the current which flows to said 1st variable 
resistance, and the electrical potential difference of said 2nd node is 
produced according to the current which flows to said dummy variable 
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resistance. 
[0024] 

[Embodiment of tlie Invention] By explaining the desirable operation 
gestalt of this invention with reference to the attached drawing hereafter 
explains this invention to a detail. The same reference mark which each 
drawing was shown shows the same component. 

[0025] Drawing 1 shows roughly the block diagram of a memory 
apparatus equipped with the active terminator calibration circuit of the 
desirable operation gestalt of this invention. A chip 100 will be equipped 
with the active resistance calibration circuit (the following, "calibration 
circuit") 20, the shift block 30, much variable-resistance sections 40, 
and many pads 50, 60, and 70 if drawing 1 is referred to. The calibration 
circuit 20 is connected with external resistance Rext through a pad 10. 
[0026] The calibration circuit 20 outputs the 1st control-code UPCODE 
and the 2nd control-code DNCODE to the shift block 30. The 1st 
control-code UPCODE and the 2nd control-code DNCODE consist of for 
example, N bits. 

[0027] The shift block 30 is equipped with two or more shifters 31, 
answers a selection signal SEL, and outputs control-code HCODE_Ui 
and HCODE_Di (i is 1 thru/or 3 here) which control the terminator value 
for x1, x2, or x4 to two or more variable-resistance sections 40. 
Control-code HCODE_Ui and HCODE_Di consist of for example, N bits. 
[0028] Therefore, a shifter 31 shifts 1st/2nd control-code 
UPCODE/DNCODE 1 time or more than it, and has the advantage in 
which the terminator value for x2 or x4 can be generated. 
[0029] Each of two or more variable-resistance sections 40 is equipped 
with the 1st variable resistance 41 and the 2nd variable resistance 43, it 
answers control-code HCODE_Ui and HCODE_Di, and it proofreads a 
terminator value so that it may be made in agreement with the resistance 
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of external resistance Rext. A pad 50 is a pad for data output, a pad 60 is 
a pad for a clock signal, and a pad 70 is a pad for for example, the 
address / instruction signal, each of two or more pads 50, 60, and 70 — 
two or more variable-resistance sections 40 — it connects with each 
node N1. 

[0030] Drawing 2 shows the circuit diagram of the calibration circuit of 
the desirable operation gestalt of this invention. If drawing 2 is referred 
to, the calibration circuit 20 will be equipped with the comparison circuits 
21 and 23 of the 1st variable resistance 41, the dummy variable 
resistance 42, and the 2nd 43 or 2 variable resistance, the 1st 
control-code generating circuit 25, and the 2nd control-code generating 
circuit 27. 

[0031] The 1st variable resistance 41 is connected between the 1st 
power source VDDQ and a pad 10, the dummy variable resistance 42 is 
connected between the 1st power source VDDQ and a node N3, and the 
2nd variable resistance 43 is connected between a node N3 and the 2nd 
power source VSSQ. The structure of the dummy variable resistance 42 
and actuation are the same as the structure of the 1st variable 
resistance 41, and actuation, and the actuation is the same, although it 
has symmetrical structure mutually as indicated in drawing 5 as the 
dummy variable resistance 42 and the 2nd variable resistance 43. 
[0032] A comparison circuit 21 compares reference voltage VREF with 
the electrical potential difference of a pad 10, and outputs 1st 
comparison signal UP_COMP corresponding to the comparison result to 
the 1st control-code generating circuit 25. The electrical potential 
difference of a pad 10 changes with the currents which flow to the 1st 
variable resistance 41. 

[0033] A comparison circuit 23 compares the electrical potential 
difference of a node N3 with the electrical potential difference of a pad 
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10, and outputs 2nd comparison signal DN_CO!\/IP corresponding to tfie 
comparison result to the 2nd control-code generating circuit 27. The 
electrical potential difference of a node N3 changes with the currents 
which flow through the dummy variable resistance 42. As for reference 
voltage VREF and the electrical potential difference of a node N3, it is 
desirable that it is 0.5VDDQ. 

[0034] The 1st control-code generating circuit 25 answers 1st 
comparison signal UP_COMP, and outputs the 1st control-code 
UPCODE to the 1st variable resistance 41, the dummy variable 
resistance 42, and the shift block 30. When the resistance of the 1st 
variable resistance 41 and the resistance of the dummy variable 
resistance 42 answer the 1st control-code UPCODE and are proofread 
identically to the resistance of external resistance Rext, reference 
voltage VREF and the electrical potential difference of a pad 10 become 
the same. Since it consists of general up/down counters, the 1st 
control-code generating circuit 25 omits detailed explanation. 
[0035] The 2nd control-code generating circuit 27 answers 1st 
comparison signal UP_COMP and 2nd comparison signal DN_COMP, 
and outputs the 2nd control-code DNCODE to the 2nd variable 
resistance 43 and the shift block 30. When the resistance of the 2nd 
variable resistance 43 answers the 2nd control-code DNCODE and is 
proofread identically to the resistance of the dummy variable resistance 
42, the electrical potential difference of a node N3 and the electrical 
potential difference of a pad 10 become the same. 
[0036] Drawing 3 shows the block diagram of the 2nd control-code 
generating circuit of drawing 2 . If drawing 3 is referred to, the 2nd 
control-code generating circuit 27 will be equipped with a logic gate 28 
and an up/down counter 29. A logic gate 28 is an exclusive-NOR 
operation (Exclusive-NOR) circuit, an up/down counter 29 answers the 
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output signal of a logic gate 27, and it enables it. That is, since an 
up/down counter 29 answers 1st comparison signal UP_COMP and 2nd 
comparison signal DN_COMP which have the 1st condition (or the 2nd 
condition) and they enable it, the quantization error produced by digital 
calibration decreases. 

[0037] The case where it is proofread so that the resistance of the 1st 
variable resistance 41 and the resistance of the 2nd variable resistance 
43 may be in agreement with the resistance of external resistance Rext 
with reference to drawing 1 thru/or drawing 3 is explained. 
[0038] First, the electrical potential difference of a pad 10 is determined 
by the current which flows to the 1st variable resistance 41. When the 
electrical potential difference of a pad 10 is larger than reference 
voltage VREF (namely, when the resistance of the 1st variable 
resistance 41 is smaller than the resistance of external resistance Rext), 
A comparison circuit 21 outputs 1st comparison signal UP_COMP of the 
1st condition, and since down counting of the 1st control-code 
generating circuit 25 which consists of up/down counters is answered 
and carried out to 1st comparison signal UP_COMP of the 1st condition, 
the 1st control-code UPCODE decreases. 

[0039] Therefore, the resistance of the 1st variable resistance 41 and 
the resistance of the dummy variable resistance 42 answer and increase 
to the 1st control-code UPCODE. Since it is repetitively carried out until 
the electrical potential difference and reference voltage VREF of a pad 
10 become the same, such actuation is proofread after alt so that the 
resistance of the 1st variable resistance 41 and the resistance of the 
dummy variable resistance 42 may do to the resistance of external 
resistance Rext one. 

[0040] Since a comparison circuit 21 outputs 1st comparison signal 
UP_COMP of the 2nd condition and rise counting of the 1st control-code 
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generating circuit 25 is answered and carried out to 1st comparison 
signal UP_COI\/IP of tiie 2nd condition wlien tlie electrical potential 
difference of a pad 10 is smaller than reference voltage VREF (namely, 
when the resistance of the 1st variable resistance 41 is larger than the 
resistance of external resistance Rext), the 1st control-code UPCODE 
increases. 

[0041] Therefore, the resistance of the 1st variable resistance 41 and 
the resistance of the dummy variable resistance 42 answer the 1st 
control-code UPCODE, and decrease. Since it is repetitively carried out 
until the electrical potential difference and reference voltage VREF of a 
pad 10 become the same, such actuation is proofread after all so that 
the resistance of the 1st variable resistance 41 and the resistance of the 
dummy variable resistance 42 may be in agreement with the resistance 
of external resistance Rext. 

[0042] Next, the electrical potential difference of a node N3 is 
determined by the current which flows to the dummy variable resistance 
42, and when the electrical potential difference of a pad 10 is larger than 
the electrical potential difference of a node N3, a comparison circuit 23 
outputs 2nd comparison signal DN_COMP of the 1st condition (namely, 
when the resistance of the 2nd variable resistance 43 is smaller than the 
resistance of the 1st variable resistance 41 or the dummy variable 
resistance 42). 

[0043] Since the 2nd control-code DNCODE by which down counting was 
answered and carried out to 1st comparison signal UP_COMP of the 1st 
condition and 2nd comparison signal DN_COMP of the 1st condition is 
outputted to the 2nd variable resistance 43, the 2nd control-code 
generating circuit 27 increases the resistance of the 2nd variable 
resistance 43 until it answers the 2nd control-code DNCODE and 
becomes the same as that of the resistance of the dummy variable 
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resistance 42. 

[0044] When the electrical potential difference of a pad 10 is smaller 
than the electrical potential difference of a node N3, a comparison circuit 
23 outputs 2nd comparison signal DN_COMP of the 2nd condition 
(namely, when the resistance of the 2nd variable resistance 43 is larger 
than the resistance of the dummy variable resistance 42), Since the 2nd 
control-code generating circuit 27 outputs the 2nd control-code 
DNCODE by which rise counting was answered and carried out to 1st 
comparison signal UP_COMP of the 2nd condition, and 2nd comparison 
signal DN_COMP of the 2nd condition to the 2nd variable resistance 43, 
they decrease in number until the resistance of the 2nd variable 
resistance 43 answers the 2nd control-code DNCODE and becomes the 
same as that of the resistance of the dummy variable resistance 42. 
[0045] That is, since the calibration circuit 20 makes the resistance of 
variable resistance 41 , 42, and 43 fluctuate simultaneously regardless of 
a process, an electrical potential difference, or temperature through the 
above-mentioned process, the resistance of variable resistance 41, 42, 
and 43 is proofread by the resistance of external resistance Rext. 
Moreover, also when comparison circuits 21 and 23 have offset, the 
electrical potential difference of a pad 10, the electrical potential 
difference of a node N3, and reference voltage VREF become the same 
according to the above-mentioned process. 

[0046] That is, since the calibration circuit 20 of the desirable operation 
gestalt of this invention can compensate change of the termination 
voltage by offset of comparators 21 and 23, it can make the timing 
margin at the time of high-speed operation increase. 
[0047] Drawing 4 shows the circuit diagram of the shifter of drawing 1 . A 
shifter 31 will be equipped with two or more multi-PUREKKUSA 33 if 
drawing 4 is referred to. Multi-PUREKKUSA 33 answers the selection 
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signal SEL of N bit, 1st/2nd control-code UPCODE/DNCODE, and 
outputs control-code HCODE_Ui and HCODE_Di (i is 1 thru/or 3 here) 
which control the terminator value for x1, x2, or x4. 
[0048] While in the case of xtwo shifter #3 and #4 answer a selection 
signal SEL and same control-code HCODE_U2/HCODE_D2 as 1st/2nd 
control-code UPCODE/DNCODE is outputted, shifter #5 and #6 output 
control-code HCODE_U3/HCODE_D3 which answered the selection 
signal SEL and shifted 1st/2nd control-code UPCODE/DNCODE once. 
[0049] Drawing 5 shows the circuit diagram of the variable-resistance 
section of drawing 1 . The 1st variable resistance 41 and the dummy 
variable resistance 42 are equipped with two or more PMOS transistors, 

two or more resistance R, 21 R and 22R 2NR, and each transistor is 

connected to each resistance and serial. Control-code HCODE_Ui and 
HCODE_Di (here, i is 1 thru/or 3) are the codes by which weighting was 
carried out with binary, and are inputted Into the gate of a corresponding 
transistor. Each resistance has the resistance by which weighting was 
carried out as shown in drawing 5 . 

[0050] The 1st variable resistance 41 and the dummy variable resistance 
42 function as resistance which has the resistance corresponding to 
control-code HCODE_Ui and HCODE_Di (it is here and i is 1 thru/or 3). 
That is, the resistance of xone and the resistance of xtwo differ from the 
resistance of xfour mutually. 

[0051] The 2nd variable resistance 43 is equipped with two or more 

NMOS transistors, two or more resistance R, 21 R and 22R 2NR, and 

each transistor is connected to each resistance and serial. Control-code 
HCODE_Di and HCODE_Di (here, i is 1 thru/or 3) are the codes by which 
weighting was carried out with binary, and are inputted into the gate of a 
corresponding transistor. Each resistance has the resistance by which 
weighting was carried out as shown in drawing 5 . 
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[0052] The chip 100 of the desirable operation gestalt of this Invention 
can shift 1st/2nd control-code UPCODE/DNCODE using one calibration 
circuit 20 and shifter 31, and can generate simultaneously the terminator 
value for x2 or x4. Therefore, the chip 100 of the desirable operation 
gestalt of this invention has the advantage in which power consumption 
can be decreased, and is effective in the ability to decrease the 
overhead of layout area. 

[0053] Although the desirable operation gestalt shown In the drawing 
was explained by reference, this invention does not pass over this to an 
instantiation-thing, but If It Is this contractor of this technical field, it will 
be able to understand the point that deformation various from now on 
and other equal operation gestalten are possible. Therefore, the true 
technical protection range of this invention should be decided by 
technical thought of a claim. 
[0054] 

[Effect of the Invention] The calibration circuit and the proofreading 
method by this invention have the advantage in which the resistance of a 
terminator can be proofread regardless of a process, an electrical 

potential difference, or temperature. 

[0055] And the calibration circuit and the calibration approach by this 
invention have the advantage In which the resistance over a noise can 
be strengthened. And the calibration circuit and the calibration approach 
by this invention have the advantage in which the termination of a bus is 
easily controllable. 

[0056] Moreover, the calibration circuit and the calibration approach by 
this invention can decrease the quantization error by digital control. 
Furthermore, the memory apparatus by this invention decreases power 
consumption, can enlarge the timing margin at the time of high-speed 
operation, and has the advantage in which the overhead of layout area 
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can be decreased. 
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PROBLEM TO BE SOLVED: To provide a calibrating method that 
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SOLUTION: The calibrating method has a step (a) of calibrating the 

resistance value of a first variable resistance to the resistance 
value of an external resistance and calibrating the resistance value 
of a second variable resistance to the resistance value of the first 
variable resistance, and a step (b) of calibrating the resistance value 
of an active terminal resistance to the resistance value of the 
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resistance value of the first variable rasistanos to the resistance 
value of the external resistance In response to a first control oode 
and calibrating the resistance value of the second variable 
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response to a second control code. The first control code is 
generated according to the compared result of the resistance 
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the second control code is generated according to the compared 
result of the resistance values of the first variable resistance and 
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[0036] Il3{i. El2cO^2$lJila-K^i|Ilg#c0 
T'oy^'HSrS^-r. iI3S:#MttL(fs m20Jffll3-h' 
%4|1IS&2 7{±. ISra^"- F 2 8 1 T 7 7°/^"'> y;^/ 

2 9 h Srffii.!. . ffea^^- h 2 8}i:, S€«Wfft 
afnME (Exc 1 u s i ve-NOR) mg&T'SiOs 

r 7 r/^'" y ^ y ^' 2 9 « . Hii^^- h 2 7 <7)ai:t! 

m^\zm^hXA^-^~7')\'%iLh. •fts:h%. 777"/ 
3^'^y;if'^y:J'2 9{±. mi*cS (t/cfi. m2«®) 
1 JrhSlSft-^U P_C O M P tm2 JrtiKfi-^D 
N_C O M P t tJS^i: LX^^— 7')V^tll tzlib. f'J 

^)i'mEi,zx*}^tiM'¥-immi.mth, 

[ 0 a 3 7 ] a 1 ^rV^ LEI 3 S:#BSb-cm 1 nr^Sl4 

1 ff)mMmtm2^mmi4 scDmrnrntmrnmiAR 

e x.t coffitnlflfc-a-ri. J; a fc«iESii§;i-^&iiHJ 

[ 0 0 3 8 ] t-r\ A" 7 F 1 0 comms.. m i '^mm 

4 1 t»i!tLl>l:B5ifc j; i9^£$ix. a°7 F 1 OcoMlii^ 
»P«EVREFj;D*#v^ift^ (-T^r^b^.. ^li]^ 

mm 1 oMtt^ij'i'SPjgiiiR e X t £Offi*ii:tt.fc o^h^ 

V ) , mm^i 2 1 am 1 ««COm 1 JrbKfi-f U P 

film 1 mm=t~¥mmm 5 lim 1 1 m 

ft-g-u p _ c o M p fcc^s LT y y f- -f y 
•SOT. m 1 mm=i- F u p c o D Enm^j^'-ti . 
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[ 0 0 3 9 ] ffi-oT. ^ 1 ^^mm 1 <o&miRt/r 
o<^'^KtmmmvREF bm--i>ztj:$tx'Rmm 

[0040] J-^'v ¥ 1 0comE*«2pfl;JlVRE F J; "9 
l{i:||2«M-<7)^lJ;bKfi-^UP_COMPfaj^jLs . 

^ 1 f ijffiin- F^^iiiii 2 5 {im 2 m^.^^ 1 imim 

U P _ C O M P fcjEi: t T 7 7 r:* '»'f -f V^-'t <J0 
T' mi*JP3-HUPC0DE{iJttirr.|.. 

[ 0 0 4 I ] «£o T . ^ 1 ^lEffitn:4 1 tfOffitjifitat/":^'- 

5 -■5r«tn;4 2 co&m.\i. m i iJ«3- k u p c o 

0£7)i:ffit»iiffvRE F km--i,z^sitTmm 

y S - nr^ffiiil4 2 (Offiffi«*i5'l-aiffiSR e x t (D&Hl 

[0042] j^fc. y- 3o«E(irs--5r^igst 

4 2fcmi.««t<j; i^^SS^x. F 1 Oco«EA< 
y--KN3O«ffiJ;0:^#v^%^ mhh. 112 nf^ 

}im4 3cOfHjifi*^^lT5r^igt)i4 1 4:^.'(irS--5I^ 
ffiffi4 2c7)ffifiLfiJ;D^h^?^^m^) , J.t»#2 3!i:^ 

1 tSlc0^2 J:t!K«-tD N_C OM P i iii:ht& o 
[ 0 0 4 3 ] ^2©Jffln-h'^|BlS&2 7(i. 

1 ib'-Kfi^u p_c OM p 1 '■\m<7)m2hmm 

-fDN_COMPk ItZjxM t T ^■'^ Vij-^Vf^ >-^'§ 
*t!tll2iJ«3->'DNCODE&m2^M0;4 3t 

tB:']tl>i7)T\ lg2^3!Sjgfii:4 30ffifitfl(±, %2Pm 
3-.HDNC0DE tJiEig.L T 5 ~W^^A 2 Offi 

[0044] Kl OcOfl;J±*V-KN3c7)«)EJ;i9 

/hsv^^ir^ ^2 «i'Sffifi:4 -immmw 

S-^»St4 2<7)ffiatfiO::^#V^*i-&) . J:b!!K[HlE& 

2 3J4. ll2^^c7)^2j:tK^t^DN_COMPS:tfi^J 

ititft-tu p_c omvhW,i^<m.2Y\m%^T> N 
_ C O M P fc ^c^lSig: LXT-yrt-^VT^ VV^KtM 

2 fliljffll 3 - H D N C O D E 2: m 2 ^^mm 4 3 £±i 
|.c7)T-s m2^^jgK4 3c0Mtt{±, ^20P3-K 
DNC0DE.fci£l:LT:J'-S-"ifr^m4 2Wfiin;fii: 

[0045] -tts:h'h. irascOiiS^M tT. SSJEHS^ 

2 0{i, ig. mm.tz\imzfmts:<mmKA 
1,4 2ai;f4 3>)»iii;ffl^|iiW(^«M:g€i.ot-\ -sr 

1 , 4 2ai/;'4 3£7:ffiffiffl{i. ^'hgPgtSR e x 



0 «7)tefc /- F N 3 W«i± t SIpmiEVR E F {4|BI 

[0046] t=5r*)-fe . *^Bj«oa* L\mmm.<m 

IEI1IS#2 0(±. J:bKl52 1, 2 3c7):t7-fe7 

y-^-py^m^-^^tz-hifiXf-^h. 

[0 047] Bi4{i, mi<oiyyy<^mm^m-. m 

-9-3 3SrJii.l>, -7;l^f-rV7i7-t3 3{±, Nf-yho 

as?«-^sELicj[i!?§PtT. m/mmm^-YMP 

C0DE/DNC0DE^v;^f-7°^'7^'i^>'^?••L, X 

1 , X 2t.m±xA(Dtci^mmmM.mmtmm 

n-HHCODEi_U i i:HCODE_D i (CliT'i 

[0048] X2c0^-^. >'7^'#3, #4{iS*Rffi^ 
S E L iiZim LT H 1 2 «« 3 - F U P C O D E / 

DNC0DEtMll::fiiM3-KHC0DE_,U2/HC 
0DE__D2$^ffi^]-ri.-*-. i^7:J'#5, #6{i:»K 
E L tIEgLTS 1 /^2 Wn- F U P C OD 
E/DNCODE^ 1 |1I>'7 F L^iMffln- FHCOD 
E_.U 3 /H C O D E _D 3 Sr tfi^)1-|. „ 
[ p 049]ll5{i,lll e^^I^ffifiiiJiOIllS&iaS:* 

t, ^ 1 «r§^K4 1 my^-'mmAA 2\,t. m. 

cOPMOSF^ya^X^tffiicOffijLR, 2i R, 22 
R, .... 2NRS:fti. ^tl^fKDY^^a^Xm 
^ti^ixcDrnkhWUzm^-^tlh . $iJil3 - FH C O , 
DE_yi, HCODE_Di (<I>^t'. itil^rV^L 
3) (J, 2«Tm#{t$tLfc3-FT'*'9. >!l-|Et'i> 
YyyiyX^<Dd^~\-i,zK-)]^fih.^ti^in(^WsK 

\±< m5\iZ7T^^nfziio\,zmMm-^fiizmmk'^-f 

I.. 

[0050]®! ^mXA 1 &t/':?' S -•5Jggffitji4 2 
{i. 0Jffll3-FHCODE_y i , HCODE_Di 

{^ZX\ itil*V^U3) t*t^SUcffittfiS:*1-|. 
SffiiLTStil-S. ■tts:h-h. xioffiin;-(I, X2<?) 
ffiStt, x4<7)ffia«i5:v>fcS=2rl). 

[ 0 0 5, 1 ] ^2i5^ffiK4 3 {i. «C0N MO S F 5 
yi>"X:?tffliC<7)ffitn;R, 2^ R, 2^ R. . . . , 2 

tMzmm^flh, ftlJ»a-FHGODE_D i . H 

CODE_Di (i,rT'\ i{il^rV^L3) li:2jiT-S 

[0052] *^BJcoat L.V^«WJc7)f--yTl 0 0 

-rxDmmmoti^yysifkmmhxmi 

/^2SIJ»3-FUPC0DE/DNC0DESr>'7F 

x 2 1 f^{±x 4 cOfcfccOt«ffiKfitSr HB^fc^ 
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[0053] :^mMii. mWZT^^tltzmt LV^^SW 

m^mm<7)mmMMi>zx o mt x%^. 

[0054] 

[ 0 0 5 5 ] UTs ^mizi^hmEm^RtmiEiT . 

mt-hi. ^Lx. ^m^zx6m.mimx/miEiT 

[00 5 6] tfz. :^mi<zimi£mimx/mEijm 
(4. f=Ji^mmi>zxiM.'i'immi:m-^^hzt*^ 



j(=tV ^Bcoyn 7 ilarit West . 

[112 ] *isHj£OMt L\>^mmmm<^miEm^(r>mmm 
s<f . ■ ■ ■■ 

[04] H l«0>'7^'«IIISSH^^. 

[H 5 ] H 1 co-nmmmm^^t. 

2 0 tgiSffiMEiagl 

30 i^yhfu'vi' 

3 1 ^-7^- 

4 0 «I^!mM 
41 mi^T^figi 

4 3 m2-sjm,m 

5 0. 60, 7 0 A'-yF 
100 f-<yr . 



[HI] 



20 



UPCODE 



R<xt| 



100— 



L 





-y30 




j HC0DE_U1 r 






I- ^ 

1 . 




' j HCODf_01 r 




1 t 
1 — 




i KC0DE.U2 


•>'5'* ITS 


-1 

1 
1 


51 


! HCODtJZ 




i ■ ■ 


Jl 


! .HC00f_W 1 




1 1 


31 


1 HC0DE_03 




j . ■ ' 



T 

SEL 



-•5 



50 



3* 



-MO 



, 70 



i(8) 003-2807 79 (P2 0 0 3-280 7 7 9A) 




HCODE_Ui/HCODE_Di 
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HCODEJJi . 
I=<1:3> 



HCODE_K. 
•I-<:1:3> 



41,42 
- _L_- 



2'R 



1 



2'R 



VSSQ VSSQ VSSQ 

T"- 

+3 



r 



i2"R 



|2"R 



VSSO 



^40 



-VDDQ 



F^'-A(##) 5J056 AA40 BB27 CCOO Ce09 CC17 
DD13 DD29 DD59 EE15 FF08 
GG13 

5M024 AA22 AA44 AA91 BB30 DD20 
GG06 GG15 HH09 PPOl PP02 
PP03. 



